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ABSTRACT

VSC (Vehicle Sability Control) is one of the
representative  systems developed to help prevent
skidding and ungtable behavior before they lead to an
accident. We have studied the effectiveness of VSC in
reducing accidentsin Japan.

From analysis of the gatigtics of traffic accidents, it is
estimated that the accident rate (accidents per vehicles
in ue per year) of vehicles with VSC showed
approximately a 35% reduction for single car accidents
and a 30% reduction for head-on collisons with other
automobiles. For more severe accidents, this result
would improve to approximately 50% and 40%
reductions. The casualty reate (casualties per vehicles
in use per year) of vehicles with VSC showed
approximately a 35% reduction for both types of
accidents.  Analysis showed that VSC may reduce
more accidents in higher speed ranges where vehicle
dynamics playsagreater part.

However, It isimportant to say that V SC cannot prevent
all accidents or compensate for al driver errors,. VSC
is not a subgtitute for safe driving practices, common
sense, and the exercise of good judgment by drivers.
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Figure 1. Trend of Traffic
Accident Satigticsin Japan

INTRODUCTION
Characteristics of Serious Accidents

In Japan, the number of fadities per year began to
decline from its second pesk in the early 90s, and has
now reached an amos fixed levd of around
nine-thousand (see Figure 1).

Stll, the number of accidents is rising rapidly, and it is
considered that it will rise further in the future, as the
overall number of motor vehicles in use increases
because larger numbers of middie-aged people are
keeping their driver's license as they become older,
while there are not so many drivers in the older age
group at present.

Figure 2 shows an example of results of traffic accident
surveys related to vehicle dynamics performance
conducted before TOYOTA's fird VSC development.
When the circumdtances of serious accidents are
examined, it can be seen that approximately 20% of
such accidents are caused by loss-of-control. It is
revealed that there is arelatively large number of cases
where the vehicle skidded and the driver logt contral,
resulting in a serious accident.  In most cases the driver
made an inadequate steering maneuver or miss-judged
the changes in road surface conditions incorrectly.
Therefore, VSC was developed to be able to help
compensate these kinds of miss-operation or miss-

judgement.
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Figure 2. Breakdown of Serious Accidents
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Concept and the Function of VSC

To explain the concept of VSC, an analogy will be used
referring to Figure 3. In the figure, the ball represents
the vehicle's dynamic state and the bowl represents the
vehicle's cagpacity. Loss-of-control can be thought of
as when the ball goes over the rim of the bowl.

Ball =Vehiclesdynamic qate
Bowl = Vehicle'scapacity

Accelerating

Turning

Ball
\ \ Turning

Physical limitation
of vehicledynamics

Braking

Figure 3. Concept of VSC (Ball in Bowl)

During ordinary driving, the bowl is sufficiently large
and deep for the motion of the ball.  When the mation
of the ball becomes excessive, however, such as when
the steering whee! of avehicle is suddenly turned, or the
bowl becomes smaller such as when driving on icy or
snowy roads, there is the possibility of the ball going
over the rim of the bowl. This is where the vehicle
becomes hard to handle,

ABS and TRAC (Traction Control) sysems aim to
improve control and stability by working to guard the
rim of the bowl in terms of braking and acceerating.
These systems, however, do not guard the rim of the
bowl in terms of turning. This is where VSC comes
into play. VSC aims to control vehicle behavior under
these types of conditions by assigting the driver. In
other words, VSC aims to work together with ABS and
TRAC to improve control and stability by guarding the
entire area of the longitudinal and lateral mations of the
vehicle, as shown on the left side of the bowl in Figure
3.

With VSC control, a deceleration force and an
appropriate amount of inward moment are added to help
prevent front-wheel-skid and improve course-tracking
performance, and outward moment is added to help
prevent rear-wheel-skid and improve vehicle posture
(seeFgured).

(a) Prevention of
Front-whed-skidding

Figure 4. Skid Prevention of VSC

(b) Prevention of
Rear-whed-skidding

Toyota is one of the manufacturers introducing this
technology to the market [1,2]. Systems that possess
the same function have been developed by many
companies under different names such as ESP or VDC
[3,4,5], and have been ingdled in production vehicles.

The next 3 graphs show the characteristics of each type
of accidents caused by cars.  The accident data used in
al graphs in this paper was compiled by The Inditute
for Traffic Accident Research and Data Analysis
(ITARDA; Jepan) for the study. ITARDA was
founded in 1992 and has been working to andyze the
causes of traffic accidents by utilizing the data of al
traffic accidents reported by the police that involve
casudlties, as well as the data gathered through its own
in-depth investigations. About 1,000,000 items of the
former data, and about 300 items of the latter data have
been accumulated per year.

Figure 5 indicates that mogt of all accidents consisted of
rear-end collisons and crossing collisions, but many
accidents where severe vehicle damage is caused
involve single car accidents and head-on collisions.
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Figure5. Accidents Caused by Cars
by Extent of Vehicle Damagein Japan in 2001
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Figure 6 also indicates most casualties were caused by
rear-end collisions and crossing collisions, but single car
accidents, head-on collisons and car-to-pedestrian
accidents yield many fatalities.
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Figure6. Casualties Caused by Cars

by Extent of Injury in Japan in 2001

As long as cars are driven by humans, drivers must
make appropriate recognition, judgment, and operation
to maintain traffic safety. However, when serious
erors occur in procedure, traffic accidents result.
Figure 7 shows the breakdown of driver error by type of
car accident. Generally speaking, miss-recognition is
the largest contributing factor in all types of accident,
miss-operation and miss-judgement are more significant
in single car accidents and head-on collisions.
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Figure7. Driver error by Typeof Car Accident
in Japan in 2001
Mogt single car accidents and head-on collisions begin
when one car leaves its lane. VSC helps the driver
maintain the intended path of the vehicle (see Figure 4).
VSC, therefore, is considered to be one of the effective
devicesin reducing serious accidents.

Previous Resear ch

There has been much research to try to confirm the
effectiveness of VSC or ESP.

We confirmed the effectiveness of VSC by comparing
the behavior of vehicles with and without VSC, driven
by 40 ordinary drivers in certain conditions [6]. The
results showed that no vehicles with VSC span off the
course, while 45% of the vehicles without VSC ran off
the tracking during a dlippery curvetest.

Langwieder examined gpproximately 1600 car-to-car
and single car accidents involving serious passenger
injury and approximately 950 car accidents involving
young drivers in Germany [7]. He showed thet about
25% of al the accidents accompanied skidding and
pointed out that there was a critical path which ranged
between 40 and 70 meters in approximately two-thirds
of al cases He consequently reached a conclusion
that a dynamic electronic brake system such as ESP
would provide valuable assigance for the driver in
gahilizing the vehicle and would clearly reduce the
number of accidents involving skidding.

Zobel made use of the Hanover Medical University
(MHH) database and showed by simulation that ESP
may assist the driver to avoid leaving the road, using an
accident example as a case sudy [8]. He andyticdly
examined the database and pointed out a large number
of persons were injured in skidding-related accidents on
dry roads. He suggedted that with regard to al
criticaly injured persons (MAIS 5+), the proportion of
skidding-related accidents is much higher, so ESP can
be expected to be highly effective if the driver accepts
the assistance offered by ESP with due caution.

Sferco made use of The European Accident Causation
Survey (EACS) data and found that there were 389
vehicles in loss of control fatal accidents out of 1093
faa accidents, 460 vehicles in loss of control injury
accidents out of 1851 injury accidents [9]. He reached
the conclusion that EACS data suggests ESP would
have a probable or definite influence in about 67% of
fatal accidents involving loss of vehicle control and
42% of the corresponding injury accidents.
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DaimlerChryder (DC) announced in a press release in
November 2002 that, by analyzing 1.5 million pieces of
sampled accident data from 1998 to 2001, accumulated
by the Federal Satistical Office in Germany, they found
that comparing 2000/2001 DC-cars with ESP and
1999/2000 cars without ESP, the accident rate for cars
with ESP was 15% lower. The result showed 4%
fewer DC cars with ESP involved in single car accidents,
dropping from around 14.4 and 15% to 10.6 or 10.7%.

While, these resullts show the expected real-world effect
of VSC or ESP, they are actua resultsonly for DC.  In
the following section, the effectivenessin the red-world
of ingtalling VSC in vehicleswill be shown.

AnalyssM ethodology

Accident rates for vehicles vary depending on whether
they are driven by young or elderly drivers. So to
make an accurate comparison, one must compare
conditions where the characteristics of the vehicles and
the ages of the drivers do not vary a great deal. 3
TOYOTA passenger cars popular in Japan were
selected in which VSC had been ingalled between
model changes.

In comparing the accident rates, we st the registered
period and the invegtigation period as shown in Figure 8.
The investigation period of accidents was limited to the
first 5 calendar years of the vehicle's life including the
registered year, s0 as to cancel out the influence of
vehicles age as much as possble.  Tha is the
investigation period was st from 1994 to 1998 for the
vehicles regigtered in 1994, from 1995 to 1999 for the
vehicles registered in 1995, and so on.
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Figure8. Regigered Period of Vehicles
with and without VSC, of the Same M odd

As the invegtigation periods do not fully coincide, we
must consider whether trends of traffic accidents
changed or not. Figure 9 indicaes that rear-end
collisons and crassing collisions have increased in the
last severa years, while single car accidents and
head-on collisions have changed little.
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Figure9. Trend of Accident rate caused by Cars

In addition, the number of vehicles that left the market
should be considered.  Figure 10 shows the rate of cars
gill in use, estimated from the gtatistics of carsin usein
Japan, reported by the Automobile Inspection &
Regidration Associgion (AIRA). The reason why
gair-looking points exist in the 3rd and the 5th years is
that owners are obliged to carry out vehicle inspections
in these years, and some owners choose to change their
cars a these points.  We took the estimated rate of the
cars ill in use into consideration in calculating each
accident rete.
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Figure10. Cars4till in Use
from the First Regigtration
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RESULTS

We counted agpproximately 980,000 vehicle-years
without VSC and gpproximately 390,000 vehicle-years
with VSC. These figures were used to calculate
accident rates and casualty rates.

Accident rates examined by extent of vehicle damage
are shown in Figure 11. It can be seen that the rates for
single car accidents and head-on collisions decressed
while they did not decrease in Figure 9. It is thus
thought that V SC may decrease the number of single car
accidents and head-on collisions, just as we expected.
These 2 types of accidents were further studied.
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Figure11. Accident rates Caused by Passenger cars
A, B & C by Extent of Vehicle Damage

When the results are examined by the extent of vehicle
damage, as illugtrated in Figure 12, the reduction of the
accident rate is approximately 35% for single car
accidents and 30% for head-on collisions with other
automobiles, and are approximately 50% and 40%
reductions for accidents where severe or moderate
damage occurred.  These results indicate thet the more
severe the crash, the more effective VSC may be. In
these reaults, cycligts, including motor cyclists, and
agricultural vehicles are excluded from the data of the
head-on collisons because thee vehides are
disproportional to other vehicles when discussing the
extent of vehicle damage. They are adso excluded in
the next Figure 13.
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(b) Head-on Cadllisons
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Figure 12. Reduction of Accident rate
by Extent of Vehicle Damage

(a) Snglecar Accidents

When the results are examined by the extent of injury as
illustrated in Figure 13, the reduction in the casualty rate
is approximately 35% in both single car accidents and
head-on collisions with other automobiles. We had 0
few fatalities and severe injuries that the reduction ratio

could not be estimated for them.
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Figure 13. Reduction of Casualty rate
by Extent of Injury
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Next, the distribution of the speed at which collison
danger is recognized by the driver of passenger cars A,
B and C is examined, asillustrated in Figure 14. It can
be seen that for vehicles with VSC, the number of
accidents that occurred in the higher speed range was
reduced. VSC may be more effective in thisrange. It
may therefore be considered that this is one of the
reasons why more severe crashes were reduced by VSC.
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Figure 14. Reduction of Accident rate by Speed

Sttidtics offer little explanation why the accident rate
looks reduced, but Figure 15 presents some suggestions.
It indicates that VSC helps little to reduce accidents
resulting from miss-recognition, but helps to some
extent to reduce accidents resulting from miss-operation
or missjudgement in these types of accidents.

It however should be noticed that VSC cannot
compensate for driver errors every time, because it
works only when the driver makes the correct maneuver
beforethe crash.
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] Missjudgement

Il Miss-operation

[ Unknown or other reason
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Figure 15. Reduction of Accident rate by Driver Error

(a) Singlecar Accidents

On the other hand, for other types of accidents, such as
crossing collisions or rear-end collisions, there seemsto
be no effect on the difference in accident rates between
vehicles with VSC and those without (see Figure 11).
This isthought to be due to the fact that in these types of
accidents, there are few cases that exceed the limit of
vehicle dynamics performance, which is where VSC
comesinto play.

CONCLUSON

From andysis of the datigtics of traffic accidents in
Japan with and without VSC using 3 TOYOTA
passenger cars, it can be concluded that,

1.(1) Itisedtimated that the accident rate of the vehicles
with VSC showed approximately a 35%
reduction for single car accidents, a 30%
reduction for head-on collisons with other
automobiles, and gpproximately 50% and 40%
reductionsfor accidents where severe or moderate
damage occurred, compared to thet of the vehicles
without VSC.

(2) It is estimated that the casudlty rate of vehicles
with VSC showed approximately a 35%
reduction for both single car accidents and head-
on collisons with other automobiles.

2. VSC may be considered to help reduce accidents
resulting from a driver's miss-operation and
miss-judgement in these 2 types of accident to some
extent. But it is needless to say tha VSC isnt an
al-powerful device to compensate for al driver
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3. It could be considered that one reason that these
types of accidents, especialy the more severe ones,
are reduced is that VSC may be able to reduce
accidents in the higher speed range where vehicle
dynamics performance playsa greater part.

FUTURE ANALYSISFOR ACTIVE SAFETY

Our research revedled that VSC is effective in reducing
single car accidents and head-on collisons to some
extent. However, it is ill uncertain what maneuvers it
is able to control in actudl traffic. It is necessary inthe
future to examine all types of safety equipment, not just
VSC, in order to understand how they have worked or
not worked, to improve the ability of the devices.

For this purpose, it is necessary tha al accident data
contains more detailed information regarding the
devices the vehicles are equipped with, and their
maneuvers before crashes. At the same time, this kind
of research should be performed in other countries to
promote consumers understanding of the value of safety
devices and to promote their grester use.
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